Purpose: The purpose of this study was to determine which US in vitro fertilization clinics provide preimplantation genetic screening for aneuploidy in treating infertility, and to explore clinic directors' attitudes toward this technique. Methods: Online survey included 415 US assisted reproductive technology clinics. The survey had a valid response rate of 45% or 186 clinics. Results: Nearly 68% of US in vitro fertilization clinics responding to the survey provided preimplantation genetic screening in an effort to increase success rates of fertility treatment. More than half of these in vitro fertilization clinics (56%) provided preimplantation genetic screening for advanced maternal age and the same percentage provided preimplantation genetic screening to treat repeated in vitro fertilization failure, whereas 66% provided preimplantation genetic screening to treat women with repeated miscarriage. Opinions of the effectiveness of preimplantation genetic screening for these indications varied widely, even among those providing it. Most directors (85%) of clinics providing preimplantation genetic screening believed that more data are needed to determine whether and to whom it should be offered. Conclusions: Despite the lack of data supporting the use of preimplantation genetic screening for recurrent pregnancy loss, in vitro fertilization failure, and advanced maternal age, a majority of in vitro fertilization clinics in the United States offer preimplantation genetic screening for these purposes. There is significant support among clinic directors for more research into the effectiveness of preimplantation genetic screening and for professional guidelines in this area. Genet Med 2008:10(9):685-690.
New therapies in reproductive medicine may not be subject to full evaluation for safety and effectiveness before they are provided in a clinical setting. 1 As in all areas of medicine, it is vital that data on uses, outcomes, and effectiveness of new assisted reproductive technologies be collected and critically evaluated.
Couples struggling with infertility now are being offered a relatively new technology in their quest to achieve a successful and healthy pregnancy. Preimplantation genetic diagnosis (PGD) is the genetic testing of embryos created through in vitro fertilization (IVF) to select embryos before transfer and implantation. PGD was first made available to prospective parents as an alternative to prenatal genetic diagnosis, typically to test embryos in cases where there was a known gene mutation in the family or where family history indicated the couple was at increased risk for having a child with a severe or deadly genetic disease. 2, 3 IVF providers now offer PGD to infertile couples who have no known genetic or inherited risks. 4 This use of PGD is often called preimplantation genetic screening (PGS). 4 The purpose of PGS is to evaluate embryos for abnormalities of chromosomal number, known as aneuploidy, which usually result in arrested or poor embryonic and fetal development and are believed to play a role in infertility, miscarriage, and IVF failure. 3, 5 It has been proposed that PGS may be used to improve pregnancy rates among infertile IVF patients not otherwise at risk for a genetic anomaly in their offspring. 5, 6 Data are mixed as to whether and for whom PGS is effective. 3, 7, 8 Some studies support the use of PGS, particularly for patients experiencing recurrent miscarriages. 9 -11 Two recent studies have found that PGS did not improve implantation or pregnancy rates among women of advanced maternal age (AMA), and may in fact be detrimental. 7, 8, 12 However, in general, few data have been collected or made available which systematically evaluate the practice of PGS in the United States-how often it is performed, for what indications, and with what outcomes. 13, 14 Despite conflicting studies and uncertainty about its safety and efficacy, demand for and availability of PGS are widespread. 4, 13 This study reports data on IVF clinic directors' practices and views with respect to the use of PGS-whether IVF clinic directors believed PGS improves the chance of a live birth (sometimes referred to as the "take-home baby rate") for infertile couples-and what formed the basis of their opinions. IVF clinics control whether and how infertile patients access PGS; thus clinic directors' experiences with, and views of, PGS are critical to understanding to what extent PGS is used, who is being given access to PGS, and how it may be used in the future. 15 Because all clinics performing ART are required under federal law 16 to report data annually to the CDC, and because most do so through SART, the sampling frame substantially represented all the clinics in the United States.
MATERIALS AND METHODS

Between
A draft survey was reviewed by five ART clinic directors and the research committee of SART. The final 87-question survey was administered online by Knowledge Networks through a secure website. Before the survey period, SART sent an e-mail to its member clinics introducing and endorsing the study. In this letter potential participants were informed that individually identifiable information collected during the survey would be kept confidential, and that data would be published only in the aggregate. Study invitations were mailed and e-mailed to each clinic, and reminder postcards and follow-up e-mails were sent to nonrespondents. Investigators recontacted two of the nonresponding clinics after the field period and both completed the survey on July 19, 2006 .
To qualify for the survey and have their responses considered valid, clinic representatives had to confirm that their clinics currently offered IVF services, and that the respondent was a medical director, laboratory director, IVF director, or director's designee. Consent was electronic; by accessing the survey webpage and completing the survey, participants indicated their consent. Data were analyzed using a computer-based software package, SPSS version 14.0.1 (Chicago, IL). The survey questions used in this report are available at www.dnapolicy.org/resources/PGD_IVF_Survey.pdf.
RESULTS
A total of 190 directors or their designees responded to the survey. Of these, four failed to qualify because their clinics did not currently perform IVF, leaving 186 qualified respondents who completed the survey. The valid response rate was 45% and the qualification rate was 98%. The median time respondents required to complete the survey was 21 minutes.
Although the observed 45% response rate is lower than typical survey goals of 60 -70%, methodologically sound surveys of healthcare professionals have experienced similarly low response rates. The clinics in the survey sample were highly comparable with data for 2005 on US IVF clinics reporting to the Centers for Disease Control with respect to both geographic location ( 2 ϭ 0.05, 3 df, P ϭ 0.997) and the distribution of IVF cycles completed in the past year ( 2 ϭ 5.32, 3 df, P ϭ 0.15) (Tables S1 and S2, available online).
Nearly three-quarters (n ϭ 137) of the 186 qualified IVF clinics provided PGD for at least one indication. Among these 137 PGD clinics, 93% (n ϭ 127) provided PGS. These clinics reported performing a total of 2197 PGS cycles in 2005, which accounted for two-thirds of all PGD cycles in 2005. Of the 10 clinics that provided PGD but not PGS, three clinics said they offer PGS but no patient has requested it, and two clinics said they would offer aneuploidy screening in the future.
Extrapolating from our respondents to all IVF clinics, we estimated that approximately 5000 cycles of PGS were performed in US IVF clinics in 2005, representing an estimated 3-4% of all reported IVF cycles (see Appendix, available online only). Among the 127 IVF clinics that provided PGS, only 15% (n ϭ 19) performed the genetic analysis of blastomeres in their own clinic laboratories. The remainder had the analysis performed in a laboratory outside their clinic. Only 5% (n ϭ 6) of the clinic laboratories that provided PGS said that they received blastomeres or polar bodies from other IVF clinics for analysis.
Directors who offer PGS were asked whether their clinics offer the screening for three distinct indications. More than half of all IVF clinics (56%) offered PGS as a treatment for AMA. The same percentage of IVF clinics offered PGS to treat repeated IVF failure, and 66% of all IVF clinics offered PGS to treat women with repeated miscarriage (Table 1) .
There was significant variation among PGS clinics with respect to the eligibility criteria for a patient to receive PGS. About half (53%) of clinics providing PGS did not require a minimum number of embryos to proceed with genetic analysis. Among those with a stated minimum number of embryos, the average number of embryos required was 4.7; responses ranged from 3 to 7.
More than two-thirds of clinics offering PGS for miscarriage and IVF failure had no minimum number of miscarriages or minimum number of IVF failures that must occur before a patient would be considered eligible for PGS. Among those with a stated minimum, there was no clear consensus about the criteria (Table 2) . Similarly, although most clinics that offered PGS to treat AMA had a definition of AMA, the age defining AMA ranged from 34 to 43 (Table 2) . Clinic directors were asked several questions concerning their opinions about PGS. The overwhelming majority (85%) of directors in clinics that provided PGS agreed that more data are needed to determine whether and to whom it should be offered. Most (89%) directors of PGS clinics did not believe PGS should be offered to all or most IVF patients. However, 52% believed that PGS will be offered to all or most IVF patients in the next 10 to 15 years. Nearly half (47%) of the directors who offered PGS agreed with the statement that "the push to offer PGD for aneuploidy screening is more about market pressure than medical evidence." Of those using PGS to treat miscarriage, 93% felt it was a clinically valid tool for the indication. However, only 85% of those offering PGS for IVF failure and 79% of those offering PGS to treat AMA felt that the indications were clinically valid uses of PGS (Table 3) . For all three indications, directors of the IVF clinics offering PGS for a given indication were significantly more likely than directors of clinics who did not offer PGS for that reason to agree that PGS was a clinically valid treatment for the indication (Table 3) .
Respondents who provided any sort of PGD also were asked in an open-ended question to explain the basis for their opinions about PGS. Not all respondents named the basis of their opinion, but among those who did, the most commonly named sources of information (in order of decreasing frequency) were the scientific literature, the laboratory director's own experience with PGD for aneuploidy, presentations at meetings, and discussions with colleagues.
In the responses to the open-ended question about PGS, a large number of respondents expressed their opinions about the validity of PGD for aneuploidy. Clinic directors' views about the overall validity of PGS, and its validity for specific patient groups, were wide-ranging. Samples of these responses are found in Table 4 . Some respondents raised concerns about the error rate, the possibility of misdiagnosis, and the possibility of harm to embryos from biopsy. Comments made by some directors that the evidence supports the use of PGS were contradicted by other directors who felt that evidence was clearly lacking.
DISCUSSION
For more than 25 years, ART and IVF have offered hope to patients struggling with infertility. 17 It is estimated that more than one million children have been born in the United States after IVF, and IVF babies account for more than 1% of all births in the United States. 18 PGS is a new tool available to IVF providers, and like IVF, its use seems to be increasing: it has become the most common reason that patients pursue PGD. 4, 13 PGS is available at two-thirds of IVF clinics in the United States, and expectations among IVF clinic directors are high that its use will increase in the future. 13 However, clinic directors' opinions about the indications for, and effectiveness of PGS vary widely. Directors of clinics providing PGS express concerns that it has been adopted in clinical practice because of market pressures rather than medical evidence. Even among those providing PGS to patients for a given indication, there is little agreement about the criteria for administering PGS, and providers harbor questions about the validity of PGS for each indication. On the whole, directors strongly support the collection of more data on the safety and effectiveness of PGS and believe additional professional guidelines are needed for its use.
Studies examining the effectiveness of PGS have drawn a wide range of conclusions. Because a high rate of aneuploidy has been demonstrated among most groups of infertile patients, it initially seemed self-evident to many observers that PGS to screen out aneuploid embryos would improve fertility treatment outcomes. Thus far, evidence for the efficacy of PGS is strongest in studies of patients experiencing recurrent mis- carriage. 9, 11 Several studies have shown that PGS reduces miscarriage rates among other IVF patients, including those of AMA. 5, 10 However, other studies contradict these findings. 12, 19 There is some research supporting the use of PGS for patients experiencing recurrent IVF failure 3, 20 and for IVF patients of AMA. 3,9,20 -22 However, several studies, including two that were randomized 8, 12 and one meta-analysis, 7 found that PGS is not effective for women of AMA and may in fact be detrimental. 8 In the most recent and widely reported study, Mastenbroek et al. 8 randomized a large number of women and measured several different endpoints, from implantation to live birth. The study compared two groups of women aged 35-41. Controls went through normal IVF, whereas the experimental group had anueploidy screening of their embryos. Researchers compared the two groups' implantation rates after 7 weeks, pregnancy rates after 12 weeks, and live birth rates. Both pregnancy rates and birth rates were higher in the control group: the pregnancy rate for those who did not use PGS was 37%, compared with 25% for those who did use PGS. Controls had significantly higher live-birth rate of 35%, compared with 24% for the group given PGS. 8 
Table 4
Sample of responses to the question "What is the basis of your views on aneuploidy?"
Positive comments
Negative comments Evidence on outcomes of PGS "It clearly improves the odds of transferring a normal embryo (at least for the chromosomes we can test for) . . ."
"There is no data that shows that PGD for aneuploidy is helpful."
"Obvious benefits of improving delivery rates by reducing miscarriage rates." "In the literature, PGD patients are less likely to have a transfer. Data only looks good when comparisons are made using embryo transfer as a denominator."
"Literature evaluations say to do it." ". . . there is no data that I am aware of in the world ͓medical͔ literature that demonstrates improved pregnancy and delivery rates by use of PGD for aneuploidy screening."
"I feel it has limited use at the present time, but I also feel that it could become very important in the future."
"I believe when validated it will allow us to improve pregnancy rates."
"PGD is a waste of money and resources." "Probably is only effective in patients at high risk for aneuploidy (e.g., recurrent pregnancy loss) and for patients with enough embryos that a selection can be made after testing." Accuracy "While there is clearly a risk of misdiagnosis due to mosaicism, the clinical error rate ͓is͔ very low and for many patients, the avoidance of a genetic termination is extremely important."
"Too much mosaicism within embryos. Studies ͓show that it is͔ almost a coin toss when it comes to interpreting results." "I think PGD for aneuploidy is effective in identifying most embryos affected."
"I worked at a large center where PGD was a huge thrust clinically and research-wise. We saw a large amount of misdiagnosis."
"The error rate is minimal vs. the increased chance of abnormal embryo being transferred."
"Too high a false positive/negative rate. Analysis limited to only a few chromosomes at present."
Effect of biopsy on embryo "Does not harm embryo but may not be a true diagnostic tool." "Poor embryo development after biopsy raises the question of the harm biopsy is doing to embryos."
"Pregnancy rates and implantation rates are adversely affected by the biopsy process."
Some PGD experts have questioned whether studies such as that of Mastenbroek et al. 8 that show less favorable results involved faulty PGS techniques. For example, some have suggested that the number of cells biopsied in the Staessen study, 12, 23 and that the high rates of undiagnosed embryos and embryo loss in the Mastenbroek study 8 could have contributed to the less successful outcomes of PGS. 24 The quality of much of the early data supporting the effectiveness of PGS has also been questioned. Some of the early studies of PGS involved very small numbers of patients. 19, 25, 26 A Cochran review found fault with the first randomized studies of PGS for AMA for being inadequately randomized, and for using implantation rates rather than live birth rates as primary outcome measures. 7 Among the nonrandomized studies, few have attempted to statistically control for simple confounders such as the age or past reproductive history of patients, or the number of embryos transferred, omissions that call their overall findings into question.
Wide variations in the study populations, indications and outcomes measured, and conclusions reached in the PGS literature, have also made it difficult to compare and interpret the findings of different studies. The strongest support for the use of PGS for AMA and repeated IVF failure has come from studies that rely on implantation rates as their main outcome. 5, 21, 22 Few studies have reported data on ongoing pregnancy rates, and even fewer report data on live birth rates, the outcome that may be of strongest clinical relevance. 7 Some studies simply fail to report any data or analysis of pregnancies or births. 21, 26 Other studies that have reported live birth rates as the primary outcome have not supported the use of PGS. In two studies of AMA, use of IVF with PGS was associated with higher rates of implantation or lower rates of miscarriage, but had no effect on pregnancy or live birth rate findings. 5, 22 There have been numerous calls for additional high-quality research into the effectiveness of PGS. 14, 27, 28 This call was supported by the vast majority of our survey respondents, who believed more data are needed to properly evaluate PGS and validate its use. As previously reported, the majority of clinic directors (62%) said it would be a minimal burden to collect standardized data that would permit such research. 13 Internationally, some valuable PGD data have been collected by the European Society for Human Reproduction and Embryology (ESHRE), but currently only 8% of US clinics providing PGS participate in ESHRE's PGD data collection. 13 In the United States, the lack of comprehensive and standardized data collection has been a key challenge to the assessment of PGS. There have been public calls for a comprehensive PGD database in the United States. 14, 29 Efforts are underway to create such a database. 14, 29 Collecting standardized data will allow researchers to improve upon previous studies' methods, to analyze data consistently, and to determine exactly which patient groups-if any-are likely to benefit from PGS. As the gold standard for clinical research, randomized clinical trials of PGS across large patient populations will be necessary. There are a number of reasons these studies have not been done previously. First, such studies are expensive. Current US federal policies prohibit federal funding of research involving human embryos, making it unlikely that public funds would be used to support research on the effectiveness of PGS. 30 In countries without such policies and where the costs of IVF may be covered by national health services, some high-quality research has already been conducted. 8, 12 Second, unlike new drugs, medical devices, or biologics, which must receive approval by the Food and Drug Administration before coming to market, no federal agency requires techniques such as PGS to be reviewed before they are adopted in clinical practice: neither the biopsy procedure nor the genetic analysis receives federal oversight. It is not unusual for new medical techniques to develop in the course of clinical practice. Third, the demand for PGS may make it difficult for IVF clinics to delay offering it to fertility patients. There is considerable pressure on IVF clinics to compete in the market by adopting and offering new techniques such as PGS as soon as possible, sometimes before they are scientifically evaluated. As the number of prospective parents turning to IVF increases, the potential market for PGS will also increase, and the market pressure to offer and provide PGS will grow. The number of prospective mothers of AMA is on the rise-the US birthrate in women aged 35-39 increased 46% between 1990 and 2005, from 31.7 births to 46.3 births per 1000 women. 31, 32 As demand for PGS grows, it is even more critical that it be thoroughly validated.
Experts have cautioned against broader applications of PGS until more definitive research on its efficacy is completed. 4, 27, 28 Standards of practice for PGS should also be considered. There have been increasing efforts to provide private, voluntary oversight of PGD by medical and scientific professional societies, including the American Society for Reproductive Medicine, the Preimplantation Genetic Diagnosis International Society, and ESHRE. [33] [34] [35] [36] [37] [38] Data previously published from this survey showed that a substantial majority of clinic directors believed that professional societies are best suited to create professional guidelines related to PGD (95%) and that they should do so (85%); however, most (79%) opposed additional government oversight. 13, 36 Finally, it is important to note that there have been two significant developments since this survey was fielded. First, the largest study to date of the effectiveness of PGS, by Mastenbroek et al., 8 published in the New England Journal of Medicine, found that PGS is not effective for infertility in women of AMA. Second, the American Society for Reproductive Medicine developed and published practice guidelines for the use of PGD and PGS and concluded that the available evidence does not support the use of PGS. 38 These recent developments may have affected clinic practices and views, and the Genetics and Public Policy Center plans to study the impact on clinics by repeating this survey in the near future.
CONCLUSION
Patients desperate to increase their chances of having a healthy baby, and providers who refer patients to IVF clinics for help with fertility concerns, need evidence that PGS is effective and not merely an expensive add-on of questionable value. PGD for aneuploidy, or PGS, has emerged as a technology on the rise, but the best course for the future is continued robust research on the effectiveness of PGS and the development of additional evidence-based guidelines for its use.
